Introduction {#j_jomb-2018-0001_s_001}
============

During physiological gestation, the placenta releases a number of factors into the maternal circulation that are involved in the general regulation of maternal metabolism during pregnancy, inducing physiological adaptations required for successful pregnancy, as well as fetal growth and development ([@j_jomb-2018-0001_ref_001], [@j_jomb-2018-0001_ref_002]). These compounds can be found in maternal blood and are used as biochemical pregnancy markers. Their serum concentrations can be altered (increased or decreased) in different pathological conditions during pregnancy ([@j_jomb-2018-0001_ref_003]). Therefore, as their changes are associated in a unique manner to the pregnancy disorder in question, numerous studies have investigated the potential role of biochemical pregnancy markers in the diagnosis and early prediction of gestational complications ([@j_jomb-2018-0001_ref_004]).

Pregnancy complications mostly develop in the second half of gestation, but are thought to be caused by different pathological mechanisms in the first weeks of pregnancy ([@j_jomb-2018-0001_ref_001]). Numerous gestational illnesses share similar etiology which is based on dysfunctional trophoblast invasion and placental formation. Early identification of high-risk pregnancies may facilitate antenatal surveillance or prevention and consequently improve pregnancy outcome ([@j_jomb-2018-0001_ref_002]).

Among the most important gestational complications are hypertensive disorders of pregnancy, which occur in approximately 2 and 10% of pregnancies and can cause significant morbidity and mortality of both mothers and children ([@j_jomb-2018-0001_ref_005], [@j_jomb-2018-0001_ref_006]). Preeclampsia affects around 3% of pregnancies, but is difficult to predict as the on--set and severity of disease are unpredictable ([@j_jomb-2018-0001_ref_007], [@j_jomb-2018-0001_ref_008]). The clinical syndrome of hypertensive disorders of pregnancy mostly develops in the third pregnancy trimester, but in some women can be apparent in the first half of pregnancy, which is a more severe condition ([@j_jomb-2018-0001_ref_004], [@j_jomb-2018-0001_ref_003]). Many underlying factors causing gestational hypertension and preeclampsia actually already exist from early weeks of gestation in many patients. However, there is currently no reliable screening method in the first trimester of pregnancy with sufficient accuracy to identify women at high risk of developing gestational hypertension (GH) or preeclampsia (PE) ([@j_jomb-2018-0001_ref_001], [@j_jomb-2018-0001_ref_002]).

Several biochemical markers measured in the first and second pregnancy trimester have been used to predict occurrence of GH/PE in the later course of pregnancy ([@j_jomb-2018-0001_ref_009], [@j_jomb-2018-0001_ref_010]). Still, although different biomarkers of placental function and vascularisation have been associated with GH/PE occurrence in the literature data, few are used diagnostically in routine clinical settings ([@j_jomb-2018-0001_ref_001], [@j_jomb-2018-0001_ref_003]). The most commonly assessed in daily practice are those biochemical markers that are already proven as predictors of genetic aberrations and adverse pregnancy outcomes incorporated in first and second trimester screening ([@j_jomb-2018-0001_ref_004]). However, heterogeneous results from different studies have been obtained and therefore, relevance of placental biomarkers is not still defined ([@j_jomb-2018-0001_ref_011], [@j_jomb-2018-0001_ref_012]). Further research should clarify the reliability and usefulness of these biochemical markers for GH/PE prediction.

The aim of our study was to estimate the ability of biochemical markers of the first and second trimesters to predict hypertensive disorders of pregnancy.

Meterial and Methods {#j_jomb-2018-0001_s_002}
====================

Study included all consecutive pregnant women who had regular pregnancy check-ups in the Clinic of Obstetrics and Gynecology, Clinical Center of Serbia. Women were recruited for the study during a three-month period (January 1 -- March 31 2017) on the first ultrasonographic examination upon pregnancy confirmation. Exclusion criteria were having chronic illnesses and pregnancies conceived by assisted reproduction. All investigated patients signed informed consent for the study.

Detailed general medical (family and personal) and obstetrical history were taken from every patient regarding age, cigarette smoking status, method of conception, hereditary predisposition for hypertension, chronic illnesses, parity, gestational complications and outcomes of previous pregnancies (hypertension, diabetes, pregnancy loss, gestational week of delivery, Apgar score of the child).

Investigated women were regularly checked-up at least once per trimester in our Clinic. At every examination, we measured the patient's height and weight and calculated their BMI, took a blood and 24-hour urine sample for classic laboratory testing (blood count, coagulation factors, glucose blood concentration, AST, ALT, LDH, proteinuria, creatinine, urea). All pregnancies were dated by last menstrual period and ultrasonographic crown-rump length (CRL) measurements performed in the first trimester.

In the first trimester (11 to 14 gestational weeks) biochemical markers that are incorporated in Double test screening such as beta subunit of human chorionic gonadotropin (beta subunit of HCG) and pregnancy--associated plasma protein A (PAPPA) were assessed, while in the second trimester (16 to 19 gestational weeks) study authors evaluated markers used for Triple testing i.e. beta HCG, alpha fetoprotein (AFP), estriol (E3) and inhibin (INH). Approximately 5 to 10 milliliters of blood was drawn by venipuncture into nonheparinized tubes and centrifuged for 15 minutes. After serum separation, concentrations of the investigated biochemical markers were measured by using a BRAHMS KRYPTOR analyzer and applying fluorocytometric immunoassay with SsdwLab 5 software. The measured serum concentrations (IU/L) of biomarkers were then converted into multiples of median (MoM) and adjusted for gestational week for easier comparison and analysis. The standard referral range of all tested pregnancy markers, most widely used in literature and adopted in this study as well, is from 0.5 to 2 MoM.

Every patient regularly measured blood pressure and reported potential signs and symptoms of preeclampsia/eclampsia (headache, epigastric pain, edema of extremities, impaired vision, convulsions). As study outcomes, authors considered gestational hypertension (GH), preeclampsia (PE) and eclampsia (E). In this study, authors used the currently widely accepted definitions of investigated conditions (ACOG). Gestational hypertension is defined as blood pressure 140/90 mmHg measured 2 times after 20^th^ gestational week in a woman with previously normal blood pressure. If this condition is associated with coexisting significant proteinuria (300 mg in a 24h urine specimen) it is defined as preeclampsia and if convulsions occur, eclampsia is diagnosed. GH and PE can be further subdivided according to the time of diagnosis into early-onset (starting before 34 weeks of gestation) and late-onset (developing after 34 weeks of gestation). Study authors tested the predictive value of biochemical markers for GH/PR concerning its onset as well as throughout pregnancy (regardless of diagnosis time).

Study authors recorded all adverse pregnancy outcomes (miscarriages i.e. spontaneous abortions before 24^th^ gestational week, intrauterine fetal death, as well as gestational complications that could be related with hypertension like placental abruption and HELLP syndrome). Finally, upon birth, study authors noted the birth-weight and Apgar score of the child, as well as the gestational week (GW) of delivery (prematurity was considered if delivery occurred before the 37^th^ GW).

Statistics {#j_jomb-2018-0001_s_002_s_001}
----------

Data were analyzed using methods of descriptive (number, percent, mean, standard deviation) and analytical statistics and applying the SPSS 20 software. Correlations of biochemical parameters and occurrence of hypertension were tested using Spearman correlation. Significance of differences between categories of assessed parameters as well as between women with and without hypertension in pregnancy was examined by c^2^ test and Kruscal Wallis nonparametric ANOVA.

Study authors performed the ROC (Receiver Operating Characteristics) analysis to set the cut-off values of biochemical parameters that could imply development of hypertension in pregnancy.

Finally, Enter and Forward Wald binary logistic regression were applied to construct models for prediction of hypertension in pregnancy occurrence based on investigated biochemical markers. All models were adjusted for potential confoundings (mothers' age, BMI and parity). However, no significant confoundings were found in the obtained models.

Results {#j_jomb-2018-0001_s_003}
=======

Study included 104 pregnant women that on average had 30.54+/-4.93 years of age and adequate BMI mean+/-sd 28.30+/-2.21 throughout pregnancy. Significantly more investigated women were not smokers (*[Table I](#j_jomb-2018-0001_tab_001){ref-type="table"}*). They had up to four previous pregnancies which have mostly in 91.3% been uneventful ending in term with a healthy child. In our sample, 75% of women did not have positive family history of hypertension, while only four women had gestational hypertension in previous pregnancy (*[Table I](#j_jomb-2018-0001_tab_001){ref-type="table"}*).

###### 

Frequency of history data related to hypertensive disorders as well as occurrence of hypertension in pregnancy.

  Parameters                                       Frequency   Percent   χ^2^     p
  --------------------------------- -------------- ----------- --------- -------- -------
  Early-onset GH                    yes            7           6.7       74.941   0.001
  no                                97             93.3                           
  Late-onset GH                     yes            14          14.4      33.640   0.001
  no                                83             85.6                           
  Preeclampsia symptoms             headache       5           4.8                
  edema                             2              1.9                            
  combined                          9              8.7         56.980    0.001    
  no                                88             84.6                           
  Eclampsia                         yes            0           0.0                
  no                                104            100.0       99.999    0.001    
  HELLP Sy in the third trimester   yes            1           0.9                
  no                                103            99.1        96.040    0.001    
  Placental abruption               in pregnancy   2           1.9                
  in delivery                       5              4.8         162.317   0.001    
  no                                97             93.3                           
  Smoking status                    yes            36          34.6      9.846    0.002
  no                                68             65.4                           
  HTA in family                     yes            25          24.0      89.558   0.001
  no                                79             75.9                           
  HTA in previous pregnancy         yes            5           4.8       84.962   0.001
  no                                99             95.2                           
  Proteinuria in II trimester       0.3 to 2 g     5           4.8                
  above 2 g                         0              0           93.158    0.001    
  no                                99             95.2                           
  Proteinuria in III trimester      0.3 to 2 g     12          11.5               
  above 2 g                         4              3.8         144.740   0.001    
  no                                88             84.7                           
  Oliguria in II trimester          yes            104         100.0              
  no                                0              0.0         99.999    0.001    
  Oliguria in III trimester         yes            100         96.2      95.005   0.001
  no                                4              3.8                            

Legend: GH -- gestational hypertension; PE -- preeclampsia; HTA -- hypertension

In the assessed pregnancy study, authors registered two spontaneous abortions in the second trimester and one case of intrauterine fetal death in the 30^th^ gestational week. There were seven cases of placental abruption (*[Table I](#j_jomb-2018-0001_tab_001){ref-type="table"}*). The mean+/-sd gestational week at the time of delivery in our study was 36.94+/-6.25. Still, the majority of children had good birth-weight (mean+/-sd= 3120.84+/-809.12 grams) and Apgar score (mean+/-sd=8.22+/-1.62).

There were seven patients diagnosed with early-onset gestational hypertension, while 14 more patients developed hypertension after the 34^th^ gestational week (all together 20.2% of women). Moreover, six patients had preeclampsia symptoms and signs already in the second trimester while ten more were diagnosed with preeclampsia in the third trimester (15.4% of women throughout pregnancy). There were no cases of eclampsia in our sample, but one patient developed HELLP syndrome in the third trimester (*[Table I](#j_jomb-2018-0001_tab_001){ref-type="table"}*).

The findings of biochemical markers of the first and second pregnancy trimester are presented in *[Table II](#j_jomb-2018-0001_tab_002){ref-type="table"}* and *[III](#j_jomb-2018-0001_tab_003){ref-type="table"}*. Majority of patients had all markers in the referral range throughout pregnancy. There were no significant differences (p≥0.05) in mean serum concentrations (in MoM) of biochemical markers between women with and without hypertension in pregnancy.

###### 

Serum concentrations of investigated biochemical pregnancy markers and standard laboratory tests that could imply hypertension in pregnancy.

  Parameters                               Whole sample   GH/PE group   Healthy women                    
  ----------------------- ---------------- -------------- ------------- --------------- -------- ------- ------
  I trimester (in MoM)    β HCG (mIU/mL)   1.27           0.92          1.31            1.28     1.26    0.82
  PAPPA (mIU/mL)          1.48             1.08           1.10          0.99            1.59     1.09    
  II trimester (in MoM)   b HCG (mIU/mL)   1.71           1.02          1.18            0.91     1.93    1.01
  AFP (ng/mL)             1.22             0.59           1.17          0.24            1.23     0.68    
  E3 (ng/mL)              1.18             0.62           0.96          0.24            1.26     0.71    
  Inhibin (pg/mL)         1.21             0.49           1.23          0.11            1.17     0.98    
  I trimester             AST (U/L)        16.40          1.91          17.35           2.21     14.15   1.05
  ALT (U/L)               11.58            0.83           9.89          0.98            13.03    1.47    
  LDH (U/L)               287.10           15.25          312.27        34.19           274.63   22.26   
  Urea (mmol/L)           3.69             0.41           3.51          0.29            3.73     0.37    
  Creatinine (mmol/L)     60.45            4.56           63.56         7.89            58.22    4.45    
  II trimester            AST (U/L)        17.27          1.11          18.00           2.95     16.37   1.05
  ALT (U/L)               12.15            3.60           11.49         3.28            14.10    3.38    
  LDH (U/L)               328.01           21.71          336.55        18.50           293.61   28.12   
  Urea (mmol/L)           3.41             0.14           3.77          0.56            2.90     0.22    
  Creatinine (mmol/L)     64.74            6.61           64.12         8.04            62.28    5.52    

Legend: b HCG -- Beta subunit of human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol; ALT -- alanine transaminase; AST -- aspartate transaminase; LDH -- lactate dehydrogenase; MoM -- multiples of median.

###### 

Categories of tested biochemical markers of pregnancy in investigated women.

  Parameters                         Whole sample    p between categories   GH/PE group   Healthy controls   Between groups p               
  ---------------------------------- --------------- ---------------------- ------------- ------------------ ------------------ ----------- --
  Beta HCG categories I trimester    below 0.5 MoM   14                     13.5                             6                  8           
  from 0.5 to 2 MoM                  74              71.2                   0.001         12                 62                 0.127       
  over 2 MoM                         16              15.3                                 3                  13                             
  PAPPA categories                   below 0.5 MoM   13                     12.5                             6                  7           
  from 0.5 to 2 MoM                  66              63.5                   0.001         12                 54                 **0.032**   
  over 2 MoM                         25              24.0                                 3                  22                             
  Beta HCG categories II trimester   below 0.5 MoM   10                     9.6                              8                  2           
  from 0.5 to 2 MoM                  75              72.2                   0.001         10                 65                 **0.003**   
  over 2 MoM                         19              18.3                                 3                  16                             
  AFP categories                     below 0.5 MoM   26                     25.0                             2                  24          
  from 0.5 to 2 MoM                  49              47.1                   0.011         13                 36                 0.265       
  over 2 MoM                         29              27.9                                 6                  23                             
  E3 categories                      below 0.5 MoM   14                     11.5                             4                  10          
  from 0.5 to 2 MoM                  78              77.0                   0.001         13                 65                 0.856       
  over 2 MoM                         12              11.5                                 4                  8                              
  Inhibin categories                 below 0.5 MoM   0                      0                                0                  0           
  from 0.5 to 2 MoM                  104             100                    0.001         21                 83                 **0.001**   
  over 2 MoM                         0               0                                    0                  0                              

Legend: No -- number; p -- statistical significance; Bold -- significant; HCG -- human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol; MoM -- multiples of median.

Serum levels of PAPPA in the first and HCG in the second trimester of pregnancy positively correlated with occurrence of both early and late gestational hypertension as well as placental abruption during pregnancy. Moreover, higher concentrations of AFP were registered in women who presented with signs and symptoms of preeclampsia (*[Table IV](#j_jomb-2018-0001_tab_004){ref-type="table"}*). There were no significant correlations between biochemical markers of the first and second pregnancy trimester and standard biochemical laboratory tests measured throughout the pregnancy as well as history data that could imply on gestational HTA/PE (*[Table IV](#j_jomb-2018-0001_tab_004){ref-type="table"}*). Moreover, no significant correlations of pregnancy biochemical markers and blood coagulation factors were found, except for antithrombin III (r=0.226; p=0.026) that was increased above the referral pregnancy range in patients with higher first trimester serum levels of HCG and PAPPA.

###### 

Correlations of biochemical markers (concentrations in MoM) and occurrence of gestational hypertensive disorders and parameters that imply GH/PE.

                                                        I trimester               II trimester                     
  ----------------------------------------- ----------- ------------- ----------- -------------- -------- -------- --------
  Early-onset GH                            p           **0.228**     **0.516**   0.007          0.216    -0.775   -0.019
  p                                         **0.025**   **0.028**     0.946       0.390          0.225    0.852    
  Late-onset GH                             p           **0.269**     **0.465**   -0.131         0.167    -0.775   0.071
  p                                         **0.008**   **0.045**     0.603       0.507          0.225    0.492    
  Early-onset PE                            p           -0.027        -0.082      **0.979**      0.229    -0.211   -0.007
  p                                         0.797       0.732         **0.041**   0.360          0.789    0.945    
  Late-onset PE                             p           -0.133        -0.212      0.184          -0.014   0.894    0.056
  p                                         0.195       0.383         0.464       0.957          0.106    0.588    
  HELLP syndrome in the III trimester       p           0.143         0.344       0.023          -0.023   -0.143   -0.060
  p                                         0.166       0.149         0.927       0.927          0.197    0.558    
  Placental abruption                       p           **0.214**     **0.473**   0.020          -0.174   -0.219   0.113
  p                                         **0.036**   **0.035**     0.936       0.490          0.482    0.269    
  Age                                       p           0.007         0.012       0.440          -0.049   -0.239   -0.700
  p                                         0.946       0.910         0.052       0.842          0.340    0.188    
  Body Mass Index                           p           -0.065        0.007       -0.027         -0.016   0.333    0.003
  p                                         0.519       0.946         0.911       0.947          0.177    0.987    
  Smoking status                            p           0.064         0.036       -0.248         0.229    0.011    0.007
  p                                         0.525       0.724         0.292       0.345          0.965    0.946    
  HTA in family                             p           0.153         0.077       0.152          -0.200   0.244    0.005
  p                                         0.129       0.449         0.523       0.411          0.328    0.967    
  GH/PE in previous pregnancy               p           -0.179        -0.167      -0.100         -0.043   0.210    -0.065
  p                                         0.075       0.100         0.676       0.861          0.402    0.519    
  AST (mean I or II trimester acc.)         p           -0.164        -0.150      -0.259         -0.301   -0.398   0.005
  p                                         0.108       0.145         0.271       0.210          0.102    0.967    
  ALT (mean I or II trimester acc.)         p           -0.037        0.142       0.224          -0.129   -0.158   0.258
  p                                         0.716       0.167         0.356       0.609          0.531    0.742    
  LDH (mean I or II trimester acc.)         p           -0.164        -0.150      -0.259         -0.301   -0.398   0.001
  p                                         0.108       0.145         0.271       0.210          0.102    0.998    
  Urea (mean I or II trimester acc.)        p           -0.134        0.060       -0.775         -0.775   0.775    -0.258
  p                                         0.190       0.561         0.225       0.225          0.225    0.742    
  Creatinine (mean I or II trimester acc)   p           -0.047        0.131       -0.258         0.258    -0.775   -0.775
  p                                         0.645       0.202         0.742       0.742          0.225    0.225    
  Oliguria (I or II trimester acc.)         p           -0.098        -0.058      -0.258         0.258    -0.775   -0.775
  p                                         0.340       0.572         0.742       0.742          0.225    0.225    

Legend: Bold -- significant; acc -- accordingly; HCG -- human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol; ALT -- alanine transaminase; AST -- aspartate transaminase; LDH -- lactate dehydrogenase; MoM -- multiples of median; HTA -- hypertension; GH -- gestational hypertension; PE -- preeclampsia.

Study authors constructed significant models for predicting occurrence of early-onset hypertension based on only first trimester markers (c^2^=18.840; p=0.016; B=2.543; Wald=41.958; Nagelkerke R^2^=0.616; total classification=90.6%) and all biochemical markers together (c^2^=15.844; p=0.017; B=1.540; Wald=5.863; Nagelkerke R^2^=0.998; total classification=98.1%). For markers of the second trimester, the model was not significant (p=0.107).

Significant logistic regression equations were achieved also for development of late-onset hypertension when authors tested biochemical markers of only second trimester (c^2^=13.666; p=0.018; B=0.956; Wald=3.297; Nagelkerke R^2^=0.767; total classification=88.9%) and all biochemical markers together (c^2^=20.597; p=0.004; B=0.875; Wald=2.705; Nagelkerke R^2^=0.998; total classification=89.8%). For markers of the first trimester the model was not significant (p=0.184).

Finally, study authors obtained significant models for predicting occurrence of hypertension throughout pregnancy (early and/or late onset) based on only first trimester markers (c^2^=16.385; p=0.017; B=1.299; Wald=7.854; Nagelkerke R^2^=0.698; total classification=78.6%), only second trimester markers (c^2^=24.112; p=0.001; B=0.946; Wald=0.751; Nagelkerke R^2^=0.672; total classification=88.9%) and all biochemical markers together (c^2^=18.556; p=0.015; B=2.875; Wald=4.705; Nagelkerke R^2^=0.972; total classification=96.5%).

Obtained models are presented in the *[Table V](#j_jomb-2018-0001_tab_005){ref-type="table"}* while results of ROC analysis are presented in *[Table VI](#j_jomb-2018-0001_tab_006){ref-type="table"}* and *[Figure 1](#j_jomb-2018-0001_fig_001){ref-type="fig"}*. According to the performed ROC analysis, the only biochemical marker that could be used for prediction of hypertensive disorders during pregnancy was AFP measured between the 16^th^ and 19^th^ gestational week. If AFP was higher than 1.05 MoM then 80% of women that would develop GH/PE in further pregnancy course would be properly identified. Authors in this study did not manage to prove the reliability of biochemical markers for prediction of early-onset GH/PE. Moreover, the same ROC curve was obtained for late-onset GH/PE or its occurrence throughout pregnancy regardless of onset time.

###### 

Models for prediction of GH/PE during pregnancy based on biochemical markers serum concentrations (in MoM).

  Parameters                Early-onset GH/PE                            Late-onset GH/PE                             GH/PE throughout pregnancy
  ------------------------- -------------------------------------------- -------------------------------------------- ----------------------------
  I trimester markers       1.576 - 0.798 x HCG I trim + 1.504 x PAPPA   No significant model                         \- 4.168 - 0.659 x PAPPA
  II trimester markers      No significant model                         70.419 + 5.891 x HCG II trim + 4.379 x AFP   \- 70.419 - 4.379 x AFP
                            \- 63.126                                    \- 244.185                                   244.185
                            \- 25.491 x HCG I trim                       \- 18.745 x HCG I trim                       \+ 18.745 x HCG I trim
  All biochemical markers   \+ 37.27 x HCG II trim                       \+ 52.126 x HCG II trim                      \- 52.126 x HCG II trim
                            \+ 63.661 x AFP                              \+ 40.128 x AFP                              \- 40.128 x AFP

Legend: trim -- trimester; GH -- gestational hypertension; PE -- preeclampsia; HCG -- human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol; MoM -- multiples of median

###### 

ROC analysis for biochemical parameters (concentrations in MoM) that could imply occurrence of hypertensive disorder during pregnancy.

  Parameters in MoM      AUC                 p           Cut-off value   Sensitivity %   Specificity %   
  ---------------------- ------------------- ----------- --------------- --------------- --------------- ------
  Early onset            β HCG I trimester   0.524       0.901           1.33            66.7            42.9
  PAPA I trimester       0.357               0.450       0.56            66.7            44.3            
  β HCG II trimester     0.250               0.186       2.22            33.3            57.1            
  AFP II trimester       0.501               0.987       1.04            66.7            50.0            
  E3 II trimester        0.286               0.257       1.11            33.3            57.1            
  Throughout pregnancy   β HCG I trimester   0.400       0.527           1.33            60.0            41.7
  PAPA I trimester       0.350               0.343       2.73            40.0            75.0            
  β HCG II trimester     0.125               0.399       0.53            80.0            50.0            
  AFP II trimester       0.633               **0.018**   1.04            80.0            58.3            
  E3 II trimester        0.342               0.317       0.94            60.0            33.3            
  Late onset             β HCG I trimester   0.400       0.527           1.33            60.0            41.7
  PAPA I trimester       0.350               0.343       2.73            40.0            75.0            
  β HCG II trimester     0.125               0.399       2.20            20.0            50.0            
  AFP II trimester       0.633               **0.018**   1.05            80.0            58.3            
  E3 II trimester        0.342               0.317       0.95            60.0            34.0            

Legend: Bold -- significant; MoM -- multiples of median; AUC -- area under curve; β HCG -- Beta subunit of human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol.

![ROC curve for prediction of GH/PE occurrence throughout pregnancy based on biochemical markers (in MoM) of first and second trimester.](jomb-38-071-g001){#j_jomb-2018-0001_fig_001}

Legend: HCG -- Beta subunit of human chorionic gonadotropin; PAPPA -- pregnancy--associated plasma protein A; AFP -- alpha feto protein; E3 -- estriol; MoM -- multiples of median.

Discussion {#j_jomb-2018-0001_s_004}
==========

It is well known that the pathophysiology of pre--eclampsia is based on reduced angiogenesis occurring in early stages of placental formation that causes abnormal placental development and function ([@j_jomb-2018-0001_ref_013], [@j_jomb-2018-0001_ref_014]). The defective early trophoblastic invasion of maternal spiral arteries is associated with reduced placental perfusion, endothelial dysfunction and deregulated secretory activity of the trophoblasts. Consequently, placental ischemia leads to release of inflammatory factors, platelet activation, endothelial dysfunction, maternal renal dysfunction or abnormal oxidative stress ([@j_jomb-2018-0001_ref_011], [@j_jomb-2018-0001_ref_015]). Therefore, it is not surprising that in patients with GH/PE numerous biochemical markers, which represent measurable manifestations of impaired placentation, were found to be either decreased or increased in comparison with serum concentrations in physiological pregnancies ([@j_jomb-2018-0001_ref_005], [@j_jomb-2018-0001_ref_014]). Available literature data show that most changes in serum levels in women with preeclampsia occur for Beta HCG, PAPPA, AFP, estriol and inhibin ([@j_jomb-2018-0001_ref_015], [@j_jomb-2018-0001_ref_016], [@j_jomb-2018-0001_ref_017]). Therefore, it was assumed that measuring these parameters in the first and/or second trimester could be used for prediction of the development of GH/PE in later gestational weeks. Moreover, these parameters are widely used for prediction of chromosomal aneuploidies and therefore, these markers are easily accessible for evaluation in our population.

Human chorionic gonadotropin (hCG) is a hormone secreted by syncytiotrophoblast cells. It has two subunits (alpha and beta) out of which beta is hormone specific. HCG is necessary for adequate development and function of decidual spiral arteries and in that manner maintaining vascular supply of the pregnancy. Elevated serum concentrations (above 3 MoM) of HCG in the second trimester have been associated with the development of preeclampsia ([@j_jomb-2018-0001_ref_015], [@j_jomb-2018-0001_ref_018]).

Pregnancy-associated plasma protein A (PAPPA) is a metalloprotease produced by placental syncytiotrophoblasts. It is involved in the metabolism of insulin-like growth factors and therefore can influence the growth of both placenta and fetus. Decreased serum concentrations of PAPPA (under 1 MoM) were found in pregnancies complicated with PE or adverse pregnancy outcomes reflecting poor placental function ([@j_jomb-2018-0001_ref_013], [@j_jomb-2018-0001_ref_019]). However, measurement of PAPP-A alone cannot be used as screening for PE because less than 25% of affected cases have serum levels below the fifth percentile ([@j_jomb-2018-0001_ref_011]).

Alpha Feto Protein (AFP) is a glycoprotein that is secreted from the yolk sac, fetal liver and gastrointestinal tract. It can be transported to the maternal serum by diffusion across membranes and placenta. Serum levels of AFP increased over 2.5 MoM have been associated in some literature data with developing gestational hypertension and preeclampsia ([@j_jomb-2018-0001_ref_015], [@j_jomb-2018-0001_ref_020]).

Estriol (E3) during pregnancy is synthesized in very high quantities (100 times higher) by the placenta. In preeclampsia patients, the aberrant synthesis, metabolism, and accumulation of estrogens and estrogen metabolites are registered. Serum concentrations of E3 below 5 percentiles are associated with adverse pregnancy outcomes ([@j_jomb-2018-0001_ref_021]).

Inhibin A (INH) is also produced by the syncytiotrophoblasts and can be a biochemical marker of placental function. It is involved in the regulation of cell growth and immunologic recognition. In some studies, elevation of inhibin correlated with higher risk of preeclampsia ([@j_jomb-2018-0001_ref_015], [@j_jomb-2018-0001_ref_016], [@j_jomb-2018-0001_ref_013]).

Several other biochemical parameters have shown promise for prediction of preeclampsia, such as elevated levels of placental growth factor (PlGF), soluble fms-like tyrosine kinase-1 (sFlt-1), and soluble endoglin (sENG), or decreased concentrations of placental protein 13 (PP13). Still, further studies are needed to determine their actual clinical relevance ([@j_jomb-2018-0001_ref_015], [@j_jomb-2018-0001_ref_008], [@j_jomb-2018-0001_ref_012]).

On the other hand, data from current literature are still contradictory regarding the strength of association between pregnancy biochemical markers and GH/PE ([@j_jomb-2018-0001_ref_017]). While some studies found significant correlations with numerous markers of both first and second pregnancy trimester with GH/PE ([@j_jomb-2018-0001_ref_022], [@j_jomb-2018-0001_ref_023], [@j_jomb-2018-0001_ref_009]), other investigations could not confirm these results ([@j_jomb-2018-0001_ref_024], [@j_jomb-2018-0001_ref_025], [@j_jomb-2018-0001_ref_026]). In the majority of studies, among all investigated factors, strong associations were found for only a couple of biochemical markers ([@j_jomb-2018-0001_ref_005], [@j_jomb-2018-0001_ref_019]). More over, time of onset and severity of GH/PE seem to be of major importance when assessing the association of biochemical pregnancy markers with GH/PE development ([@j_jomb-2018-0001_ref_027]). Some authors reported that major decrease in PAPPA and PlGF levels occurs only in the second trimester, implying that measurements of these parameters in the first trimester may not be reliable enough ([@j_jomb-2018-0001_ref_013]). Contrary, in several studies biochemical markers such as Beta HCG and PlGF were significantly correlated only with early and not late onset GH/PE ([@j_jomb-2018-0001_ref_005], [@j_jomb-2018-0001_ref_028]). According to our study results, serum levels of PAPPA in the first as well as HCG and AFP in the second trimester of pregnancy were significantly higher in women who developed early or late onset GH/PE as well as placental abruption during pregnancy.

Therefore, regression analysis is commonly performed in literature to test more thoroughly the value of biochemical markers for prediction of gestational hypertension development ([@j_jomb-2018-0001_ref_017]). Models from the literature are mostly adjusted for medical history data (Park, Oliveira). For early-onset PE, literature data show that prior PE or chronic HTA, multiparity, BMI, smoking PAPP-A, PlGF, CHTN, PTL and SBP/DBP were confirmed as significant predictors. On the other hand, the predictors of late-onset PE were PAPP-A, PIGF, BMI and prior PE or chronic HTA ([@j_jomb-2018-0001_ref_007], [@j_jomb-2018-0001_ref_029], [@j_jomb-2018-0001_ref_030], [@j_jomb-2018-0001_ref_031]). In some studies, it was determined that the detection rates of single markers for prediction of early-onset GH/PE were relatively low (22% to 83%), while for combinations of multiple markers assessed as a prediction model detection rates were significantly higher, between 38% and reaching even 100% ([@j_jomb-2018-0001_ref_032]). In prediction models that the authors of this study constructed, Beta HCG, PAPPA and AFP were found to be good predictors of GH/PE occurrence. However, it was determined that different markers should be used for early and late onset GH/PE. This is in accordance with findings from other investigations according to which hemodynamic changes and placental lesions in early and late-onset preeclampsia are diverse and therefore, the biomarkers for their identification should also be different ([@j_jomb-2018-0001_ref_004]).

Biochemical markers detectable in maternal serum are often produced in response to the early developmental insults which precede maternal symptoms and so they are thought to have some predictive value when measured earlier in gestation ([@j_jomb-2018-0001_ref_001], [@j_jomb-2018-0001_ref_010]). In contrast, bioactive peptide concentrations within the maternal blood often change shortly before disease onset. Therefore, these factors are likely to have strong diagnostic potential but have a somewhat more limited predictive capacity ([@j_jomb-2018-0001_ref_004], [@j_jomb-2018-0001_ref_003]). Furthermore, although a single biomarker might be strongly associated with a disease, it is unlikely to be detectable in every woman who develops the condition ([@j_jomb-2018-0001_ref_032]). Consequently, when the reliability of biochemical markers as predictors of gestational hypertension was tested by ROC analysis, high specificity and negative predictive value (over 95%) were obtained in different studies and populations ([@j_jomb-2018-0001_ref_029], [@j_jomb-2018-0001_ref_022]). However, sensitivities and positive predictive vales were mostly lower (around 70%), suggesting limited external validity. Moreover, according to available literature, prediction of early-onset GH/PE based on biochemical markers was easier and more reliable than late-onset changes ([@j_jomb-2018-0001_ref_002]). For inhibin A, studies reported GH/PE detection rates of 35%, while for PAPP-A the detection rates ranged from 22% to 43% and were generally higher in early-onset GH/PE. In our study, only AFP was found to significantly predict GH/PE late-onset or regardless of its commencement. It explained 63.3% of cases with sensitivity of 80%. According to literature, AFP could properly predict 77% of GH/PE cases ([@j_jomb-2018-0001_ref_024]). Further studies should clarify how to improve the predictive values of biochemical markers. Majority of authors believe that multivariate screening algorithms could offer the best solution ([@j_jomb-2018-0001_ref_030], [@j_jomb-2018-0001_ref_031], [@j_jomb-2018-0001_ref_032]).

Conclusion {#j_jomb-2018-0001_s_005}
==========

Effective screening for gestational hypertensive disorders during pregnancy can be achieved by biochemical markers determination in the first and second trimester. However, different markers should be used for early and late onset GH/PE. Further studies should be undertaken to construct the optimal algorithms of biochemical pregnancy markers that could be able to reliable predict GH/PE occurrence.
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